Bone is a dynamic, living structure; but only a small-part of the adult skeleton-perhaps 10%-is affected by the daily give-and-take, the active accretion-resorption process, which is the evidence of its life. Even in a disease, therefore, such as post-menopausal osteoporosis, in which resorption is outstripping accretion, it will be some years before the clinical appearances are diagnostic. Our methods of examination are still inexact, and it has, for example, been calculated that 60 % of the bony matrix of a vertebra must disappear before radiographical evidence of osteoporosis is demonstrable (Babaiantz, 1948).
Case I.-R. K., a boy aged 8j years, suffered from Cushing's syndrome, due to adrenocortical hyperplasia. According to his parents, the disease had existed for two to three years when Fig. IA was taken, and he was stated to have grown only half an inch in the previous two years. Fig. 1B shows him sixteen months after treatment by bilateral adrenalectomy, during which time he grew 5 in., an average height increment for more than two years. In Fig. 2 are shown comparable X-rays of tarsus and carpus, the upper radiograms being taken before, and the lower radiograms fourteen months after, the final operation. The osteoporosis has disappeared and the bone-texture now appears to be normal. The epiphyseal development has advanced at a remarkably rapid rate.
I estimate from these and other sites that the bone-age, which was originally between 5 and 6 years on the 50 percentile, advanced between four and five years in the year after operation.
Proceedings of the Royal Society of Medicine I have seen such rapid skeletal maturation only in the treated-indeed, in the overtreated-cretin, and I assume that it must have been due to the release of the growth and thyroid hormones from the depressive effect of corticosteroids. Corticotrophin has been shown to be directly antagonistic to growth hormone in the rat, and thyroid depression has frequently been suggested as occurring in Cushing's syndrome.
Corticosteroid Therapy The effects of long-continued corticosteroid therapy on bone -structure require careful observation, particularly so in post-menopausal women in whom there is already a disposition to osteoporosis-in the treatment of diseases such as rheumatoid arthritis where osteoporosis is already part of the disease process; and in children in whom the needs for growth are paramount. An ill effect on the skeleton is easily assessed in children by serial height-measurements; and in women the Sulkovitch test provides an easy index of osteoporosis. The reports in the literature of vertebral fracture occurring during corticosteroid therapy are numerous. High protein diets and the use of a protein-anabolizer, such as methyl testosterone, or the new drug 17-a-ethyl-19-nortestosterone, are rational and effective therapies.
Osteoporosis
Osteoporosis is a state in which the accretion of the protein matrix of bone has not kept pace with normal resorption, or in which abnormal resorption is outstripping accretion. The osteoblast is the agent of accretion, and the osteoclast is responsible for resorption.
In osteoporosis, the radiologist does not give us diagnostic help until the condition is advanced and the histologist can tell us little of pathogenesis. Turning to the biochemists for diagnostic aid, Nordin and Fraser (1954) have described a four-hour skeletal retention of calcium test. The patient is given an intravenous load of calcium gluconate in 500 ml. of normal saline. The amount of calcium retained by the skeleton is derived from a formula which requires the estimation of the level of serum-calcium and of the amount of calcium excreted in the urine. The test has'the disadvantages that it takes a day of a chemist's time, if the calcium estimates are done in triplicate, and, if the-results are to be valuable, the estimation of serum calcium must be accurate to the first decimal point. It is' an attractive investigation for it is a direct measurement of the functional activity of bone; it emphasizes the fact that bone is a living tissue in which changes of protein and calcium content are constantly proceeding. I have used it several times and it has run true for me.
Case II.-F. R., a woman aged 60; the menopause was at 42 years, and she had progressively severe back pain for twenty years. X-rays of the spine showed a well-marked osteoporosis with collapse of three of the dorsal vertebra and of L.1. The serum calcium was normal and the Nordin-Fraser skeletal retention-test gave a value of 41 %°-the normal range being between 48 % and 62%-and, therefore, diminished calcium retention. The specific gravity of the urine after fluid fasts of eighteen to twenty-four hours was invariably 1-008 and 1X009. There was no other evidence of an abnormal renal function. Throughout the whole experimental period the daily intake of calcium was about 1-3 grams. The urinary calcium was around 200 mg. in twenty-four hours. The urinary volume varied between 2,200 and 2,800 ml. With twenty-onedays' cestrogen therapy the urinary calcium dropped to 71 mg., 92 mg., and 80 mg. in the twenty-four hours. The urinary volumes were reduced by an average of 500 ml. per day; and the specific gravity, after eighteen hours' fluid fasting, rose slowly to 1 013 (Fig. 3 The association of polyuria and hypercalciuria are discussed later, but I want to emphasize here the rapidity with which cestrogen therapy diminishes the urinary excretion of calcium. We assume, by analogy with animal experiments, that it does so by encouraging osteoblastic activity, so that the increased deposition of protein matrix requires the retention of calcium.
Androgens also are required in the treatment of several varieties of osteoporosis, and if methyl testosterone produces unpleasant virilizing effects, 17-a-ethyl-19-nortestosterone may be substituted for it. Hyperparathyroidism The main diagnostic problems of hyperparathyroidism were explicitly stated by Albright and Reifenstein (1948) , and have frequently been exemplified since: The problem of the patient whose skeleton shows resorption but in whom the characterististic radiological features are absent; the problem of the patient with neither hypercalcmemia nor hypophosphateemia; the problem of the patient in whom there is renal failure which produces hyperphosphataemia, which itself may lead to a secondary hyperparathyroidism; the problem of the patient without bone changes but with renal calculi; the problem of the patient with no bone changes, but with polyuria and a low specific gravity urine. I repeat that we are familiar enough with these diagnostic situations, but I do not say that we always find them easy of solution.
Let us leave these diagnostic questions aside to consider one or two problems of pathogenesis. How is it, for example, that renal calculi, nephrocalcinosis, or polyuria can occur in the absence of demonstrable bone changes? The hypothesis that there are two parathyroid hormones does not help us for the one is said to act on the bones and the other to enhance phosphate excretion; and we require an explanation for the increased excretion of calcium from bones that yet do not show the lack of it. The explanation usually given, and repeated in Snapper's new book "Bone Diseases in Medical Practice" (1957) , is that some take so much milk and vitamin D that the calcium in the bones is easily replaced and the skeleton thus protected. This seems to proffer an unacceptable and superficial explanation, for the action of parathyroid hormone on the skeleton is to increase osteoclastic activity, so that there is not only a loss of calcium but also a loss of protein matrix. Nor is the required explanation that there is a small degree of increased resorption which is not apparent to the radiologist but is detectable by the histologist.
Promedinqs of 'the Ryal Society of Medicine 22 Case III.-I was given an "unseen" at a medical-school clinico-pathological conference some months ago. The patient, a woman of 56, had proven thyrotoxicosis but died with an unexplained illness associated with hypercalcmmia, vomiting, dehydration, a low specific gravity urine, 'and a relative polyuria. Among the lesions discovered at post-inortem were nephrocalcinosis, pyelonephritis and a parathyroid adenoma. The bones of the skull were reported by the pathologist to show no osteitis fibrosa and no enhanced resorption. Is it possible that an increased osteoblastic activity develops in the bones which balances the increased osteoclastic activity?
The Polyuria ofHyperparathyroidism It has long been appreciated that there is a polyuria in hyperparathyroidism associated with the passage of a low specific gravity urine and that when the parathyroid adenoma is removed the polyuria and polydipsia quickly disappear. Cohen et al. (1957) have recently made the important observation that this is due to a functional and reversible lesion of the distal tubule and they ask whether it is a consequence of hyperparathyroidism or of hypercalciuria. I have no doubt that the polyuria is due to the hypercalciuria. I have seen it both in the hypercalcamia of sarcoidosis and secondary deposits in bone, and seen it disappear quickly after treatment-in the former patient with cortisone therapy and in the latter after oophorectomy. If I am right, this sign will not differentiate hyperparathyroidism from other conditions with hypercalcamia, but polyuria and a low specific gravity urine are very important bedside-pointers to hyperparathyroidism, and they have twice led me, although somewhat tardily, to a correct diagnosis.
The fourth patient illustrated two areas of diagnostic difficulty-the first where a renal lesion reverses the characteristic biochemical changes, and the second where doubt arises between the differentiation of primary and secondary hyperparathyroidism. Moreover, the post-mortem examination provided ample opportunity for argument to pathologists and physicians as shown below.
Case IV.-B. B., a spinster aged 29, and deaf-mute. Height 5 ft. 1 in. In 1954, aged 27, she fell and damaged the left knee. In 1955 she fell and damaged the right knee; and when she presented in 1956 to my colleagues in the Orthopaedic Department, Mr. R. G. Pulvertaft and Mr. E. W. 0. Adkins, she was suffering from a spontaneous fracture of both quadriceps above the patella-associated with deposits of calcium. She was referred to me for investigation, when X-rays of the skeleton showed generalized osteoporosis, compression deformities in the vertebre, subperiosteal resorption in the phalanges, advanced arterial calcification, calcium deposits, osteoporosis in the skull with, however, areas of osteosclerosis. The serum calcium had values varying from 10-8 to 113 mg./100 ml.; the serum phosphorus varied from 7-8 to -89 mg./100 ml.; and the alkaline phosphatase was 35 to 66 units (King-Armstrong). The blood urea was 350 mg./100 ml.; the CO2 combining power was 11 mEq.; the urine contained albumin and casts and was of low specific gravity. She was anrmic (hbmoglobin 6-9 grams, red blood cells 2,500,000). The diagnosis on all counts was not in doubt. She was suffering from renal osteo-dystrophy, associated with parathyroid hyperplasia. She was treated with sodium bicarbonate and small transfusions. She died eight months later in uremic convulsions. At autopsy the kidneys were found to be small, measuring 8 cm. in length ( tuowar luuatation anc caciosiLs. F1G . 5 (C losclerosis, scarring, and focal calcification (Fig. 5) . The bones were the seat of osteitis fibrosa but the parathyroid showed not hyperplasia as I had expected, but adenomata. The larger one, shown on the left, weighed 10-5 grams and the smaller one on the right, which is just discernible, weighed 1l5 grams (Fig. 6 ). The tumour is composed mainly of sheets of oxyphil and rose-pink cells with the oxyphil cells forming alveolk.
This report is capable of more than one interpretation. My own conclusion is that the chronic renal lesion was the primary disease; the osteitis fibrosa followed uramia and chronic acidosis; the parathyroid hyperplasia was secondary to the phosphorus retention and the autonomous functioning parathyroid adenomata developed secondarily to the hyperplasia. This patient suffered first from secondary hyperparathyroidism, and then from primary hyperparathyroidism.
Davies et al. (1956) In systemic general disease radiological manifestations affecting the skeleton are common. For practical purposes it is best to divide the appearances into two main groups.
(A) Conditions which are manifested by a decrease in bone density, as, for example, osteoporosis. osteomalacia, and hyperparathyroidism.
(B) Conditions manifested by an increase in bone density such as myelosclerosis, fluorosis, or sclerosing metastases.
In both groups the general radiological appearance may be quite similar in a number of different diseases; however, specific manifestations may also be present which at times help to distinguish individual conditions.
The radiological assessment of bone density depends largely on the observer's own experience. No scientific absolute methods are available to measure bone density. Comparison with normal bone standards is of help, particularly in the small bones of the hands and feet, where overlying soft tissues are of relatively little importance. In the assessment of large bones, particularly the spine, the same does not apply for obvious reasons. Additional factors which must always be considered in assessing bone density are the wide normal variations dependent on age, sex, and body-build.
As a rule when one assesses bone density on standard radiographs, one should observe the width and density of the cortex and cotnpare it with the appearance of the trabecular medullary bone density and the amount of spongiosa relative to the cortex. It can be seen that the ratio of cortex to medulla is fairly constant in normal bones; whereas in bones with decreased density the cortex appears thin and narrowed and the spongiosa mass appears more extensive with thinning of individual bone trabeculbe. (Albright and Reifenstein, 1948) . Prolonged steroid therapy may produce a radiological picture similar to that seen in Cushing's syndrome with osteoporosis and fractures (British Medical Journal, 1955) .
In hypervitaminosis D severe osteoporosis can occur, but this may be overshadowed by extensive metastatic soft tissue calcifications which can affect a number of organs, such as the heart, lungs, kidneys, subcutaneous tissue, muscles, blood vessels, and synovial membranes (Christensen et al., 1951) . In view of this combination of soft tissue metastatic calcification and the marked underlying osteoporosis a differential diagnosis from skeletal manifestations due to chronic renal failure and secondary hyperparathyroidism, may at times be difficult.
Osteomalacia
The main skeletal manifestation in osteomalacia is a generalized decrease in bone density of the skeleton, frequently associated with considerable deformity. The pelvis may be flattened giving rise to the characteristic triradiate appearance, vertebral bodies are collapsed with bi-concave articular surfaces so-called "fish-tailed" vertebrae. Associated with this there is considerable widening of the intervertebral spaces with intervertebral discs prolapsing into the softened vertebral bodies as in osteoporosis (Fig. 1) be bowing of long bones particularly the lower limbs and there may be basal invagination of the skull. Another less common but more specific feature is the pseudo-fracture or Looser's zone. These fractures may only involve the cortex; rarely do they appear as a complete fracture across the whole width of the bone. They are often symmetrical; occur at points of stress or where large nutrient foramina enter the bone (Le May and Blunt, 1949) (Fig. 2) . Common sites for these fractures are pubic rami, iliac crests, scapular borders, ribs, and shafts of the long bones. These stress fractures occur typically in osteomalacia (Albright and Reifenstein, 1948) and do not occur in osteoporosis. Dent and Hodson (1954) consider that there are two types of osteomalacia. The more chronic where there is marked decrease in bone density and deformity of the skeleton, and the more acute where there may be little evidence of decrease in bone density, but Looser zones are present. Looser zones heal readily with treatment of the underlying condition.
In osteomalacia due to renal tubular defects, chronic urimia, and steatorrheea, there may be evidence of secondary hyperparathyroidism.
Bone Changes in Chronic Renal Failure (Renal Osteodystrophy) The radiological appearance in renal osteodystrophy tends to be varied. Frequently a number of different lesions are present in the same case. The following manifestations can be recognized:
(1) In the young and growing patient there will be evidence of retardation of growth and ossification associated with epiphyseal and metaphyseal changes indistinguishable from juvenile rickets with marked decrease in bone density (Snapper, 1949; Claireaux, 1953) .
(2) In the adult there is occasionally evidence of minor degrees of osteomalacia (Follis, 1950) .
(3) Most commonly there is evidence of secondary hyperparathyroidism manifested by the presence of subperiosteal cortical erosions in the phalanges, the terminal tufts of the digits (Fig. 3) and along the cortex of the long bones near joints (Pugh, 1951 (Gilmour, 1947; Albright and Reifenstein, 1948; Follis, 1950) . (4) Rarely there is evidence of sclerosis of the skeleton affecting mainly the vertebral bodies (Fig. 4) , vault of the skull and the shafts of the long bones (Crawford et al., 1954; Wolf and Denko, 1958) . Sclerosis of the skeleton is probably the most chronic manifestation of renal osteodystrophy.
Metastatic calcifications are frequently seen in chronic renal failure, arteries are affected including the small digital vessels and so is the muscular and subcutaneous tissue. On the plain radiograph of the abdomen renal shadows may appear small and shrunken and there is frequent evidence of nephrocalcinosis.
Hyperparathyroidism
Primary hyperparathyroidism.-The radiological presentation of primary hyperparathyroidism is often as bizarre and varied as are clinical manifestations. The most important sign is evidence of subperiosteal cortical erosions in the shafts of the long bones and considerable bone absorption. This is best seen in the phalanges of the hands and feet and in the shafts of the long bones near large joints. There may be bony changes in the vault of the skull giving it a rather woolly mottled appearance (Figs. 5 and 6 ). In the advanced case there may be generalized decrease in bone density. This can be very marked and often associated with considerable deformity of the skeleton and pathological fractures. Bone cysts are quite common. They usually occur in the shafts of the long bones, ribs, or the mandible where they can be very large and may be indistinguishable from osteoclastoma. Frequently, however, the skeletal appearance may be normal (Albright and Reifenstein, 1948) .
The only abnormal feature may be evidence of renal calculi. Barium swallow can at times localize a parathyroid tumour in the neck. It may be possible to identify it as a vascular tumour by arteriography (Steiner et al., 1956 ).
Post-operatively bone repair and recalcification of the skeleton takes place within months but it may be years before it is complete (Albright and Reifenstein, 1948 bone translucency, as, for instance, a solitary secondary deposit, or they can be very much more widespread as in myelomatosis or the various lipoid disorders. Rarely are they so generalized and widespread that they may produce a more or less uniform radiological picture of decreased bone density (Fig. 7) simulating the conditions listed in Table I . (1) Localized or patchy, such as sclerotic secondary deposits where bone sclerosis occurs in response to stimulus from a secondary growth.
(2) Lesions may be more generalized affecting the whole skeleton more or less uniformly as, for example, in myelosclerosis (Fig. 8) or fluorosis. (3) Increased bone density may be mimicked by periosteal new bone formation without underlying bone sclerosis as in hypertrophic pulmonary osteoarthropathy (Fig. 9) chronic pulmonary suppuration, who developed severe hypertrophic pulmonary osteoarthropathy. There is very marked periosteal new bone formation producing loss of translucency in the region of the mid-shaft of the femur. NOTE: the other long bones of the skeleton were equally affected.
Histological Changes Encountered in Some Generalized Skeletal Diseases In the adult skeleton, the structural changes usually associated with metabolic bone disease are osteoporosis, osteomalacia and "osteitis fibrosa". The present paper describes each of these in order to show how they are related to the radiological findings, as already outlined by Dr. Steiner . The abnormalities of the child's skeleton, where rickets is the counterpart of osteomalacia, and where abnormalities of growth are of great importance, will not be discussed.
In osteoporosis (Sissons, 1955 ) the structural abnormality is a reduction in the amount of bone tissue, without any defect in its mineralization. Interest centres, from the cellular point of view, on its mechanism of production. The normal skeleton is the result of continuously active but balanced bone destruction and bone formation: reduction in the amount of skeletal tissue can follow either an increase in bone destruction or a decrease in bone formation, and there is evidence that sometimes one and sometimes the other can be concerned in osteoporosis. It is also possible that "turnover" of skeletal tissue might be stabilized with a reduced amount of such tissue present: this would represent osteoporosis at a non-progressive stage. Difficulties in the independent assessment of these two cellular processes, whether by structural or physiological methods, make it difficult to be dogmatic regarding the precise mechanism concerned in any particular clinical variety of osteoporosis.
Gross degrees of osteoporosis can be easily recognized histologically, for instance in biopsy material, but the absence of quantitative information on the normal range of skeletal structure in various situations makes the histological recognition of minor degrees of osteoporosis uncertain.
Osteomalacia.-Here the structural abnormality is the presence of an excessive amount of osteoid tissue (i.e. non-calcified bone matrix) in the skeleton, this being the result of failure of calcification of the tissue and not of any selective removal of bone salt from calcified tissue ("halisteresis"). It is a condition which rarely comes to the attention of the diagnostic histologist; when it does, its recognition depends on certain technical procedures for the identification of osteoid tissue-that is to say its distinction from calcified bone. There are three of these methods:
(1) Demonstration of bone salt in undecalcified sections by treatment with silver nitrate solution (the von Kossa technique-see Ball, 1957) . Osteoid tissue appears pale in contrast to the blackened calcified bone (see Fig. 1 ). The disadvantage of the technique is that the sections tend to fragment: in any case it can be applied only to cancellous bone. (2) Differential haematoxylin staining of calcified bone and osteoid tissue in decalcified material is the method usually employed in diagnostic work: its efficacy following various decalcifying agents has been reviewed by Meyer (1956 .
Is
(3) As a research technique, the X-ray absorption of ground preparations of undecalcified bone can be used (see Meyer, 1956 ) to determine whether or not particular areas of tissue are calcified. In microradiographs, osteoid tissue fails to show any X-ray absorption, but it is evident when the preparation is examined by transmitted light (see Figs. 3, 4) . The technique is rigorous in its specificity and can be applied to any type of bone tissue, but it entails the use of specialized equipment for tissue grinding and microradiography. tt ., With the proper use of one or other of these techniques, there should be no difficulty in recognizing excessive amounts of osteoid tissue with certainty in biopsy or post-mortem material.
Osteitis fibrosa.-What we now know as "osteitis fibrosa" was originally lumped by von Recklinghausen (1891) , with a variety of other conditions, under the term "generalized osteitis fibrosa cystica". Subsequently it had been distinguished from other forms of bone fibrosis now known by other names, including fibrous dysplasia and the various cysts and "fibromas" encountered in bone. This separation was effected by a number of workers, but I would particularly like to refer to the work of Hunter and Turnbull (1931) in sorting out two types of "generalized osteitis fibrosa". The first of these consists of multiple circumscribed lesions, is not associated with parathyroid disease and is now known as fibrous dysplasia of bone. The second type, recognized by its diffuseness, is associated with hyperparathyroidism: it is what we now know as "osteitis fibrosa", and is encountered in primary hyperparathyroidism, and also in prolonged renal failure, when it is thought to be due to secondary hyperparathyroidism. The clinical problem of distinguishing between the end-results of primary and secondary hyperparathyroidism is sometimes difficult in the skeletal lesions; "brown tumours" and "cysts" appear to be features of the primary condition, while excessive amounts of osteoid tissue and abnormal structural architecture of bone are sometimes observed in "renal osteodystrophy".
In order to illustrate the range of bone changes encountered in renal failure, I shall contrast two cases, each the aftermath of chronic pyelonephritis and each associated with uremia of some years' duration-with acidosis, phosphate retention and a lowered serum calcium. One case failed to show any detectable radiological abnormality during life, and at autopsy the skeleton showed only minimal osteitis fibrosa (Figs. 5, 6) the extreme structural rearrangement of bony architecture present. In addition to exaggerated osteoclasis and fibrous replacement of bone, complete "repatterning" of the bony architecture has occurred, the cancellous bone of the vertebral body consisting of very numerous thin and irregular trabecult. These structures are "woven" bone, and not the "lamellar" bone present in the normal skeleton. The lattice-work of these abnormal bone trabeculh is closer at the upper and lower surfaces of the vertebral -body than in the centre, and this is responsible for the banded appearance in the clinical radiographs.
Plasme Ca 7 _ mgJI00ml. "resistance" to the enormous doses of vitamin-D preparations given till then. It is seen that she was in very strongly positive calcium balance at first, with very low fical output. Her positive phosphorus balance (not shown) was about half her positive calcium balance.
This means that the DHT was indeed acting quite satisfactorily, but that she had a "hungry bones" phenomenon whereby the calcium absorbed from the diet was going straight into her bones without raising her plasma level. It is noted that her calcium balance became less positive and her plasma level and urine calcium rose slowly while under observation. Clearly her bones were by then nearly fully reconstituted, and as further proof of this we were soon able gradually to reduce her dose of DHT while still maintaining normal plasma levels. In June 1957 she was having only 1 mg. b.d., and her plasma showed calcium 9 1, phosphorus 5 6, phosphatase 9.
A similar case has been described by Blohm et al. (1953) , although a detailed study was not made. In most cases of thyrotoxicosis the osteoporosis is not severe and the tetany which so often follows treatment by partial thyroidectomy is due only to a temporary dysfunction of the damaged parathyroid glands and is therefore readily cured with relatively small doses of vitamin D (1-2 mg. daily of calciferol or of DHT). In our case, however, an additional feature was present (a rapidly re-growing skeleton) which temporarily aggravated the state of calcium depletion in the body fluids. This is similar to the situation well known to follow removal of a parathyroid tumour in such cases as show much skeletal involvement. It is of interest that our patient had at first slightly raised alkaline phosphatase levels (15 K-A units), which gradually fell as the calcium balance became less positive and the DHT requirement fell. Perhaps in future cases this may indicate the true state of affairs without any need for full metabolic studies. We would now advise treatment with high calcium and vitamin D intakes and, if still intractable, the tetany could presumably be lessened by giving for a while rather large doses of thyroxin (or better, perhaps, tri-iodothyronine) thus allowing the skeleton to re-constitute itself at a slower and more suitable pace. 
